The 4 proton signals of caffeine, dissolved in carbon tetrachloride, were investigated as functions of benzene concentrations in a very large concentration range. Shifts of the 4 signals were measured relative to both internal and external reference. Scatchard plots of the internally referenced data were curved downwards, the degree of curving increasing from 7-methyl/8-H to 3-methyl to 1-methyl. The 1-methyl plot even showed a maximum in the observed relative shifts zJ 0 i which turned to negative values for high benzene concentrations. Scatchard plots of the externally referenced data were curved upwards.
Introduction
The ability of caffeine to complex with aromatic molecules and solubility phenomena resulting thereby have often been the subject of investigations [3] . Some efforts were made to determine equilibrium quotients for the caffeine complexes, in particular for the caffeine-benzene complex [3c, 3d], by applying NMR-shift measurements. Conclusions about the complex structure were drawn from the calculated complex shifts ZIAD-Some critical proposals for improved processing of data followed [4, 5] .
In a recent reinvestigation of the caffeine-benzene complex Andini et al. [6] interpreted their experi-mental data on the basis of a simultaneous formation of 1:1 and 1:2 complexes. They computed the values 3.7 and .29kg/mol for the two equilibrium quotients Qi and Q 2 , respectively. The upfield complex shifts were rather small for the 1:1 complex, rather large (.9 ppm) for 7-methyl and 8-hydrogen of the 1:2 complex, and negative (downfield!) for 1-methyl of the 1:2 complex.
Independently we have been engaged in the NMR investigation of the same complex for some years. Like in all aforesaid NMR investigations we used carbon tetrachloride as solvent and applied benzene in the form of C6D 6 . Our experimental data did not yield the expected linear and parallel Scatchard (or Foster-Fyfe) plots. Therefore, we improved the precision of shift measurements by changing from a 60 MHz spectrometer with continuous wave technique to a 90 MHz spectrometer with PFT technique and obtained again nonlinear and nonparallel Scatchard plots. This was followed by a comparative study [5] of the known methods to determine the complex parameters (equilibrium quotient K and complex shift A AD) from the experimental data. The methods of Creswell-Allred (CA) and of Scatchard (Sc) proved to be superior to those of Hanna-Ashbaugh and Drago, CA being slightly better than Sc even after elimination of the Sc inherent approximation error (equating the free donor concentrations [D] i with the total donor concentrations [D 0 ]i) by an iteration procedure (computer program SCIT) . Since the conformity of the results from different methods depended on the precision of the experimental data (and on the correctness of the model too), we proposed to verify actual results, obtained by one method, by repeating the computations using a different method. In the same paper we concluded that one should select molarity (or perhaps mole fraction) and not molality as dimension of the reactant concentrations. During the development of the AUS concept we considered the possibility to use different internal references which were adapted to the particular acceptor nucleus under investigation. In other words, such a nucleus specific internal reference should possess the same behaviour towards additional unspecific shielding by the donor as the respective acceptor nucleus. Since it seems impossible to find such a specific reference for each possible acceptor and each observable nucleus of it, we tried to find internal references which at least were coarsely adapted to the specific molecular position of the acceptor nucleus. So, we tried to find a methyl specific reference substance, particularly for methyl bound to a sp 2 hybridized atom.
For this purpose, we ran one caffeine-benzene series (series 1) simultaneously versus external TSPNa (Me 3 SiCD 2 CD 2 C0 2 Na, in D 2 0), internal TMS, internal cyclohexane (CH), internal f-butylcyclohexane (BUCH, methyl signal only), and internal 1,1-dimethylcyclohexane (DIMCH, methyl signal only). A second series (series 2) was run simultaneously versus external TSPNa, internal TMS, internal 3,3-dimethyl-l-butene (BUET, tbutylethylene, methyl signal only), internal 2-bromopropene (BrP, methyl signal only), and l-chloro-2-methylpropene (CLIB, 1-chloroisobutylene, both methyl signals only). In both series carbon tetrachloride was used as solvent. Total caffeine concentration was kept constant for all solutions.
The results and their discussion are the subject of this paper; its first section deals with the caffeinebenzene complex and the second section with the reference problem. 10.7 mol/1 in series 1 and from .5 to 10.8 mol/1 in series 2. Benzene concentrations and experimental shifts are listed in Table VII Table IV . Fig. 3 and (Table V) . In this series shift scattering seems to be worse than in series 1. So, the correspondence of the Sc results and the OA results is not so good as in series 1 (Table IV) Table IV are composed of the real AUS coefficient and of a contribution which has its origin in the susceptibility variations. This latter contribution is the same for all signals. Therefore it may be ignored in the discussion or one may subtract 1.213 which is the actual factor of the above mentioned susceptibility corrections (Table III) 
Section 2: Structural Requirements on Substances to Serve as Internal Reference in Investigations of Weak Complexes
As stated in the introduction, we have tested some substances for the usefulness as internal reference in this particular kind of investigation. In the cafifein-benzene series 1 and 2 discussed above we used very low concentrations of the substances to be tested (Table I ) so that they did not interfere with the complex reaction. Shifts A 0 \ of these potential internal references were referred to external TSPNa. The observed dependences of zlois on benzene concentration can be seen in Fig. 5  and 6 [11] .
In the following discussion (as in the preceding papers) the term collision is used in the sense that two molecules approach one another so closely that the distance between them is small enough to allow exertion of additional shielding influences.
The methyl shift variations with benzene concentration show an upward curvature for TMS, BUCH, DIMCH, and BUET. On the basis of the AUS concept we interpret this behaviour as follows. Each of these four compounds carries two! or more methyl groups which are equivalent. So, the chance for a single methyl group to collide with the plane of a benzene molecule may vary linearly with the benzene concentration, but the chance of two or three undistinguishable methyl groups of a "reference" molecule to collide more or less simultaneously A similar consideration may hold for the six methylene groups (or the two sides ?) of CH although certainly with a higher degree of simplification.
BrP and CLIB apparently complex with benzene as can be deduced from the downward curvature of the methyl shift variations with benzene concentration (Fig. 6 ). Very important is the different behaviour of the two methyl groups of CLIB which in the absence of benzene are isochronous. If one assumes a dipole-quadrupole or dipole-induced dipole interaction as the driving force for the formation of these complexes, the chloro atom and the methyl group eis to the chloro atom should stand away from the benzene molecule in the complex. Then the complex shift Aat> for this methyl group (CLIB^) should be zero or near zero. Consequently, the susceptibility-corrected shift variations of this methyl group will be caused solely by the AUS effect which in this case must be devoid of a nonlinear term and hence show the linear dependence as actually observed.
Therefore, we believe that generally a properly selected nonpolar and noncomplexing compound will show a linear shift dependence on concentration The steeper slope of the CLIB^ plot (note the different scales of the ordinate in Fig. 5 and 6 ) as compared to TMS, CH, BUCH, DIMCH, and BUET indicates that in these latter "references" with equivalent methyl or methylene groups a 1:1 collision shields only a part of the equivalent groups of the respective reference molecule, in a simplified view only one of these groups (as discussed above). We may illustrate this by the following example. Suppose that in a certain moment two reference molecules out of ten colhde with a benzene molecule in a shielding manner. Then in case of a reference substance with only one methyl group, 20% of all methyl groups are shielded additionally, and in case of a reference substance with two equivalent methyl groups only 10% of all methyl groups.
In a simple quadratic regression analysis we have estimated the regression of the shifts Fig. 5 and 6 
